The total and magnetically resolved Compton profiles are analyzed within the combined density 
I. INTRODUCTION
The single particle momentum density of an interacting electronic system can be measured rather directly by high energy Compton scattering experiments [1] . These experiments in metals provide direct information about the occupied momentum states and the Fermi surface. Although the momentum density is a relatively simple function it incorporates in a non-trivial way the many-body aspects of the interactions between the electrons of the system.
For several transition metal elements discrepancies between measured and computed
Compton profiles are found in the low momentum region (Fe, Ni, V, Cr) [2] [3] [4] [5] [6] [7] 
has in general a trend similar to the experimental spectra, it often displays larger amplitudes of oscillations in comparison with the measured profiles. The amplitudes of the characteristic oscillations are determined by details of the fine structures of the momentum densities.
Therefore, the structural anisotropies expressed by Eq. (1) are related to some specific features of the Fermi surface topology. In order to address these discrepancies, Lam and Platzmann [8, 9] introduced a correction related to the difference between the occupation function for a non-interacting electron gas n f ree (k) and a homogeneous interacting electron gas n int (k). This correction takes the form of:
The Lam-Platzman correction Eq. (2) acts in the low-momentum region and for some cases it reduces the differences between experiment and theory. Nevertheless, the theoretical values still overestimate the amplitude with respect to the experiment in the low momentum region and in addition the residual differences appear anisotropic, contradicting the isotropic correction of Lam-Platzmann. Later on it was suggested by Bauer [10, 11] that inclusion of electron-electron correlation effects may improve the theoretical difference profiles with respect to the experimental measurements. The anisotropic effects were modeled for V and
Cr by introducing an energy dependent occupation function for the d-orbitals [12] . While such corrections brought the theoretical profile in better agreement with the experiment, one has to stress that this has been achieved by incorporating the corrections empirically into the calculations. Obviously, the occupation number density in the presence of the electronic correlations is non-unity below the Fermi level, the step at E F is reduced and becomes non-zero above E F . Kubo [13] computed the occupation number density within the GW approximation and discussed the corrections to the Compton profile for the principal directions, concluding that the strong directional differences are due to the d-bands.
In this paper we analyze the Magnetic Compton profiles obtained using the combined 
This quantity is different from the structural anisotropy and its second moments ∞ 0 p 2 ∆J K (p) allows us to discuss the momentum space anisotropy of correlations effects in Fe and Ni.
II. COMPUTATIONAL METHOD
The electronic structure calculations based on the Density Functional Theory approach were performed using the spin-polarized relativistic Korringa-Kohn-Rostoker (SPR-KKR) method in the atomic sphere approximation (ASA) [14] . The exchange-correlation potentials parametrized by Vosko, Wilk and Nusair [15] were used for the LSDA calculations.
For integration over the Brillouin zone the special points method has been used [16] . In addition to the LSDA calculations, a charge and self-energy self-consistent LSDA+DMFT scheme for correlated systems based on the KKR approach [17] [18] [19] has been used. The many-body effects are described by means of dynamical mean field theory (DMFT) [20] [21] [22] and the relativistic version of the so-called Spin-Polarized T-Matrix Fluctuation Exchange approximation [23, 24] impurity solver was used. The realistic multi-orbital interaction has been parametrized by the average screened Coulomb interaction U and the Hund exchange interaction J. The values of U and J are sometimes used as fitting parameters, although recent developments made it in principle possible to compute the dynamic electron-electron interaction matrix elements with a good accuracy [25] . The static limit of the screened energy dependent Coulomb interaction leads to a U parameter in the energy range between 2 and 4 eV for all 3d transition metals, with substantial variations associated to the choice of the local orbitals [26] . As the J parameter is not affected by screening it can be calculated directly within the LSDA and is approximately the same for all 3d elements, i.e J ≈ 0.9 eV.
In our calculations we used values for the Coulomb parameter in the range of U = 2.0 to 3.0 eV and the Hund exchange-interaction J = 0.9 eV.
The KKR Green function formalism was recently extended to compute magnetic Compton profiles (MCPs) [27] [28] [29] . In the case of a magnetic sample the spin resolved momentum densities are computed from the corresponding LSDA(+DMFT) Green functions in momentum space as:
where m s =↑ (↓).
The momentum density defined as n ↑ ( p) + n ↓ ( p) projected onto the direction K defined by the scattering vector, allows to define the Compton profile as a double integral in the momentum plane perpendicular to the scattering momentum p z :
]dp x dp y ; (p z ||K).
Analogously, the double integral of the spin momentum density n ↑ ( p) − n ↓ ( p) projected onto the scattering direction defined by the vector K defines the magnetic Compton profile (MCP):
The electron momentum densities are usually calculated for the principal directions K = difference by a factor ten. Ni exhibits a prominent satellite structure at about 6 eV below the chemical potential [38] , while the existence of an analogous feature in Fe is still controversial [39] . On the other hand, Fe exhibits an "exchange splitting" persisting into the high temperature phase, while in Ni such a feature seems absent.
From a theoretical point of view, band structure calculations based on DFT are able to account for ground state properties of Fe quite reasonably. Even the most striking failure of LSDA, namely the prediction of an fcc instead of the experimental bcc ground state in Fe, is explained by the tiny energy difference between the two structures within GGA [40] [41] [42] [43] .
State-of-the art computations including many-body effects were recently used to scrutinize the paramagnetic α-phase of iron. An orbital selective local moment formation mechanism was proposed [44] . Later on Leonov et al. introduced the correlation magnetic energy and for the first time explained the α-to-γ phase transition in paramagnetic iron [45] . Subsequently this opened the path towards the computation of the phonon spectra across the α-to-γ phase transition and the study of lattice stability in the presence of electronic correlations [46] . Concerning the methodological background, the generalization to a rotational invariant exchange interaction allowed to revisit the magnetic properties of paramagnetic α iron [47] and to establish a reasonably good agreement for the Curie temperature of Fe and Ni [48] . A remarkable difference between Fe on the one side and Ni on the other side lies in the fact that in the latter the majority spin bands are fully occupied, while this is not the case in Fe. The LSDA calculations for fcc Ni cannot reproduce some features of the electronic structure of Ni as observed experimentally. The valence band photoemission spectra of Ni shows a 3d-band width that is about 30% narrower than obtained from the LSDA calculations. It is known from VB-XPS spectra that LSDA cannot reproduce the dispersionless feature at about 6 eV binding energy (the so-called 6 eV satellite). In addition the magnetic exchange-splitting is overestimated by LSDA calculations when compared with the experimental data. An improved description of correlation effects for the 3d electrons via LSDA+DMFT gives a more correct width of the occupied 3d bands, a better exchange splitting, and also the 6 eV satellite structure in the valence band [17, 39, [49] [50] [51] [52] [53] [54] .
Concerning the magnetic Compton profiles of Fe and Ni, the experimental spectra and the FLAPW calculations based on LSDA are in fair agreement [55] . For Fe the center of gravity of p-states were lowered to reproduce correctly the N-centered hole pocket of the third minority-spin band [55] . This shows that LSDA needs to be supplemented to obtain a better description of the MCP. For Ni a slightly noticeable discrepancy in the spectra are seen. In the literature discrepancies between calculated and experimental MCPs are often attributed to non-local corrections to the potential stemming from electronic correlations.
However, in order to check which prescription beyond the LSDA potential performs better, we first take into account local dynamic electronic correlations. Clearly, on the other hand, measurements with higher statistical accuracy are also desired, in order to provide a critical test of band theories.
A. Magnetic Compton profiles of Iron
The magnetic Compton profiles along the [111] direction for Fe and Ni including dynamic correlations were studied recently by Benea et al. [7] . Here we extend this study including has been previously applied to study the redistributions of interatomic interactions in the momentum densities, which allowed to connect the Compton profile with the interaction energy and interatomic forces [58, 59] . Taking the second moment along the bond directions allows to study the electronic properties of the bond in momentum space. In coordinate space the charge is contracted around the nucleus and accumulated along the bond direction.
The reverse of the situation happens in momentum space: momentum density is greater perpendicular to the bond direction [1] . In the same spirit, it is possible to compute the second moment of the difference between correlated and non-correlated Compton profiles, along the bond directions K:
which allows to discuss the effects of the electronic interactions upon the bounded density. direction, our results are in good agreement with previous results by Dixon et al. [60] .
Following their notation, a first peak A is situated inside the first Brillouin zone, and located around 0.7 a.u.. All subsequent peaks are essentially of Umklapp origin, and the maximum of the MCP is at C, being overestimated in theory in comparison with experiment. It was remarked by Dixon et al. [60] that all computed peaks at higher momenta E (3.3 a.u) and F (4.7 a.u.) are more visible than the corresponding maxima in the experiment. This seems to hold also for DMFT results. Instead, the low momentum region (p z < 1. 
C. Discussions and Conclusion
The Compton scattering experiment yields the one-dimensional momentum distribution for the scatterer. Therefore, it is possible to use Compton data to calculate the expectation values of operators which are functions of momentum p n . The value for n = 2 is of special interest, since 1/2 p n gives the electronic kinetic energy, leading to a connection with the total energy of the scattering system. As a result, the computed Compton profile can be easily interpreted as a very fundamental quantity. In the following we discuss the connection between the second moment of the difference between correlated (LSDA+DMFT) and noncorrelated (LSDA) Compton profiles and the kinetic energy of the electronic system. Our main focus is on the bond average of the second moment of the difference Compton profiles:
Here the overbar represents the average taken over the bonds extended along the Kdirections, ∆J K (p z ) is the difference of total Compton profile, N b is the number of bonds and the energies on the right hand side are the kinetic energies computed in DMFT/LSDA.
In general, calculating total energies in LSDA+DMFT is a difficult task, and requires the evaluation of an energy functional with several terms [18, 62] including the Galitskii-Migdal contribution [63] , i.e. 1/2Tr [ΣĜ] , and the double counting as well. The LSDA+DMFT total energy functional can in principle be analyzed to obtain an expression for the kinetic energy similarly to what is done for DFT [64, 65] . When focusing on the differences between LSDA+DMFT and LSDA, one can write:
In this expression the first and second terms on the right hand side are the single particle energies of the Kohn-Sham Hamiltonian within LSDA+DMFT and LSDA, while the third term is the expectation value of the difference of their corresponding Kohn-Sham potentials. The last term in Eq. (9) is the variation of the exchange-correlation contribution to the kinetic energy, and can in principle be expressed in terms of the exchange-correlation potential and its gradient [65] .
In spite of the recent progress in improving the accuracy of LDA+DMFT energetics [18, 62] it is still a difficult task to compute not only LSDA+DMFT total energies but also the terms in discussion with a high degree of accuracy. In addition, the energy components given in Eq. (9) These data were obtained through a full-potential linearized muffin-tin orbital (FP-LMTO) code [39, 53] , which has been shown to give results in very good agreement with SPR-KKR regarding LSDA+DMFT total energies [18] . Due to the aforementioned approximations Concerning the charge redistribution in Ni, the real space picture corresponds to the contraction of the electronic charge because of correlation effects, as seen from previous coordinate space charge computation [50] . The overall negative second moment of the difference tells us that the corresponding kinetic energy is decreasing with increasing the strength of In the range of the studied values of U no significant dependence is seen in the anisotropy of the Compton profile. As an overall conclusion DMFT introduces moderate improvements for the spectral features in particular at low momentum. Further progress is needed to bridge between momentum density and the total energy of the system through the computed Compton profile.
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